INTRODUCTION
Chronic diseases (diabetes, cardiovascular disease and diabetes) contribute to 60% of all deaths in the world (WHO report, 2014) . Worryingly, their global prevalence is still increasing worldwide, creating a heavy economic burden for societies (WHO report, 2003) . It is well-known that nutrition is a major modifiable contributing factor to these diseases. Diet modifications have strong effects on health throughout life (WHO report, 2003) . They may not only influence current health but may determine whether or not an individual will develop chronic diseases much later in life. The benefit of consuming particular food products, such as fruits and vegetables, has largely been emphasized. There is strong scientific evidence in favour of a constructive affiliation between the intake of food mainly vegetables and fruits and the possible risk factors for the development of diabetes, cardiovascular diseases and cancer (Liu, 2003) . Their high content in diverse phytochemicals, including polyphenols, was suggested to explain this, at least in part (Rahman et al., 2006) . Polyphenols are secondary metabolites which are naturally found in plant products. They contribute to the colour, flavour, odour, bitterness and astringency of food. They are classified into different groups, with main groups including the flavonoids, lignans, phenolic acids and stilbenes (Pandey and Rizvi, 2009) . Polyphenols may protect the cell components against oxidative damage due to oxidative stress conditions through the action of free radical scavengers (Pandey and Rizvi, 2009 ).
Numerous mechanisms are contributing in chronic disease development, with oxidative stress has the prime highlight (Mayne, 2003) . It occurs when there is imbalance between the oxygen and nitrogen species (ROS/RNS) and the antioxidant system. ROS, including nitric oxide, superoxide, hydrochlorous acid, hydrogen peroxide, peroxynitrite and hydroxyl radical are considered prime factors in cell stimulation and signalling pathways as a response to either intra-or extracellular environmental factors. Nonetheless, the overproduction of ROS can damage lipids, proteins, and even alter the DNA, along with inhibiting biological functions. Ultimately, this can add to the progress of major chronic diseases (Khansari et al., 2009; Uttara et al., 2009 ).
Lipids, especially polyunsaturated fatty acids, are more likely to be oxidized. Polyunsaturated fatty acid oxidation results in Malondialdehyde (MDA) which is the key lipid peroxidation biomarker (Ho et al., 2013) . Proteins are also prone to be oxidized by ROS, leading to the formation of cross-linkages between protein molecules followed by protein fragmentation via oxidation of the protein backbone (Chevion et al., 2000) . Protein carbonyl is the most important protein oxidation marker so far (Beal 2002; Chevion et al., 2000; Berlett and Stadtman, 1997) . Protein carbonyls accumulation has been detected in numerous human diseases, including diabetes, inflammatory bowel disease (IBD), Alzheimer's disease (AD), Parkinson's disease, essential hypertension, cystic fibrosis, ulcerative colitis and arthritis (Dalle-Donne et al., 2003) .
If oxidative stress contributes to the physiological changes that lead to chronic diseases and aging, it is reasonable to assume that antioxidant compounds will have a significant contribution in the prevention and/or treatment of these disorders. Therefore, free radical scavengers, which are polyphenols lower the risk of nutrition-related chronic diseases by playing a significant role in prevention and repair of cellular damage (Bouayed and Bohn, 2010) .
Interestingly, the date seed, a wasted by-product of the date fruit, which is very popular in the Middle East, has been associated with favourable nutritional properties among which a high polyphenol content (Habib and Ibrahim, 2011b; Hamada et al., 2002) . Indeed, besides the high amounts of diverse vitamins, minerals and fibres, date seeds were recognized as one of the greatest plant sources of polyphenols, greater than popular sources of polyphenols like grape or flaxseeds . Ultra-high-performance liquid chromatography-diode array detection-electrospray ionisation-mass spectrometry (UPLC-DAD-ESI-MS) analyses estimated the content of polyphenols of date seeds to be close to 51 g/kg. Flavan-3-ols, including proanthocyanidins, were showed to be the main class in date seeds with 46.800 g/kg of epicatechin and 3.380 g/kg of catechin. Among polyphenols, catechin and epicatechin were identified as the polyphenols with the highest principal pro-health effects .
Antioxidant capacities particularly of catechins and proanthocyanidins have been intensely studied and have been shown to demonstrate a scavenging activity for various form of free radicals including hydroxyl group(OH), superoxide anion (O·2− ), Nitric oxide (NO) and alkyl peroxyl radicals (Jeong and Kong, 2004) . Also catechins have the ability to modulate the enzymes that generate these free radicals such as iNOS and XO to reduce oxidative stress (Velayutham et al., 2008) . Furthermore, in other studies, catechins have been shown to reduce lipid peroxidation (MDA) and elevates endogenous antioxidant such as glutathione (Simos et al., 2012) . Date seeds polyphenols antioxidant properties have already been demonstrated in vitro Platat et al., 2014; Shams-Ardekani et al., 2010) .
The studies conducted in animals confirmed this antioxidant effect of date seeds, in addition to other benefits on animal growth and recovery in cases of hepatotoxicity (Al-Farsi and Lee, 2011; Al-Qarawi et al., 2004; Ali et al., 1999) . One study conducted in male Wistar rats revealed that after a 30-day period of feeding with a diet comprising 0, 70 or 140 g/kg date seeds, a reduction of liver and serum malondialdehyde (MDA) was shown (Habib and Ibrahim, 2011a) . Consequently, this provides evidence of the beneficial effect of date seeds, making date seeds a strong candidate as a functional food product to prevent and/or treat major chronic diseases. However, studies on the potential of date seed powder on oxidative damage in organs other than the liver are lacking. Additionally, in most animal studies, the main biochemical markers were considered, but tissues were rarely observed. Besides, the studies that has been conducted so far are short term studies, so long term studies (3 months) are deficient. Furthermore, the DSP doses used in this study are not too high as compared to those used in other studies, and could be normally consumed by humans with a normal diet.
Therefore, the present study was performed to determine the effect of date seed powder on oxidative damage and antioxidant status in different organs, including the liver, heart, brain and muscle. In addition, the absence of negative impact on organs functions and blood lipid profile was explored.
MATERIALS AND METHODS

Diets and feeding regimen Date seeds
Date seeds of the Khalas variety were attained from Al Ain Dates Factory (Al Ain, UAE). The season (summer) of collecting tamr (fully ripe dates) is usually spread over a period of 2-3 months. Samples were collected randomly from tamr batches at the end of the season, with no preference for size, colour, appearance or firmness. The seeds were first soaked in water, washed to remove any adhering date flesh, air-dried, and ground into coarse powder using a hammer mill (Platat et al., 2015) . Ibrahim, 2011b, Platat et al., 2015) . The antioxidant content and capacity of date seeds from Khalas variety was also described previously in Habib and Ibrahim (2011a) .
Animals
The protocol used in this study was reviewed by the Animal Research Ethics Committee, College of Medicine and Health Sciences, United Arab Emirates University, Al Ain and was conducted according to the principles of the Declaration of Helsinki (Platat et al., 2015) . It was recorded as protocol number A19-12 and was approved on June 4, 2012. The study was conducted in accordance with the "Guide for the Care and Use of Laboratory Animals" (1985) . Normal 6-week-old male Wistar rats (43-113 g) were obtained from the College of Medicine and Health Sciences Animal Facility, UAE University, Al Ain. The rats were housed in plastic cages under controlled conditions of 12-h light/12-h dark cycle, 50% humidity and 25±3ºC (Platat et al., 2015) .
Experimental design
The animals were divided into four groups. They were fed for 13 weeks before sacrifice. The experimental diet was prepared by Dyets Inc. (Bethlehem, PA, USA). An isocaloric and isonitrogenous basal diet, similar to the American Institute of Nutrition AIN-93G purified rodent diet, was used. Three date seed powder diets, DSP1, DSP2 and DSP3, were prepared by using 2 g/kg, 4 g/kg and 8 g/kg DSP in the diet, respectively. Table 2 . illustrates the details about the composition of the experimental diets. During the experimental period, the control group (5 rats) received the basal diet, and the DSP1, DSP2 and DSP3 groups (9 rats each) received the DSP1, DSP2 and DSP3 diets, respectively. Water and feed were provided ad libitum to the rats and there were no gavage feeding. Food was weighed every day to estimate the food intake of the animals as shown in Table 3 . The doses for the rats were determined based on (1) the recommended quantity of carbohydrates for adults (210 g/day), (2) the average food intake of rats (25 g/day), according to data from a previous study (Habib and Ibrahim, 2011a) , and (3) the initial animal weight (43-113 g).
Preparation of serum, plasma, tissue fragments and homogenate
The rats were sacrificed at the end of the experimental period after overnight fasting. They were anaesthetized with pentobarbital and killed following blood withdrawal via heart puncture. Blood samples were drawn into dry (to obtain serum) and heparinized (to obtain whole blood) tubes. Portions of serum were immediately separated after centrifuging the blood sample and used to measure the levels of glucose, total cholesterol and HDL, total protein, albumin, urea, creatinine, creatine kinase (CK), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (GGT), vitamin C, the lipid peroxidation product malondialdehyde (MDA) and protein-bound carbonyls (Platat et al., 2015) .
Liver, muscle, heart and brain tissues were removed, blotted and weighed, and 200 g/kg homogenate was prepared in ice-cold 15.5 g/L KCl in 0.05 mol/L Tris buffer (pH 7.4) using a homogenizer. Portions of the organ homogenate were processed to measure the levels of protein, vitamin C, vitamin E, glutathione (GSH), MDA and protein-bound carbonyls.
Biochemical parameters
Glucose, total cholesterol, HDL, urea, creatinine, CK, AST, ALT, ALP and GGT were measured in serum using enzymatic colorimetric methods on Roche/Hitachi Cobas c systems (Integra 400 Plus, Germany). Total protein content was measured in blood and organs following the methods of Lowry et al. (Lowry et al., 1951) .
Antioxidant status biomarkers
Vitamin C concentration was measured using the methods described by Omaye et al. (1979) , after reaction with 2,4-dinitrophenylhydrazine at 520 nm. Vitamin E was measured by HPLC using a fluorescence detector with excitation at 205 nm and emission at 340 nm (Hatam and Kayden, 1979) .
Glutathione was measured spectrophotometrically at 412 nm after reaction with dithionitrobenzoic acid (Sedlak and Lindsay, 1968) .
The method described by Re et al. (1999) was used to measure ABTS. Sample volume was adapted. Fresh ABTS was prepared for each assay. Serum sample (1 ml) were allowed to react with 1 ml of the ABTS solution and the absorbance was taken at 734 nm after 7 min using a spectrophotometer. The percentage inhibition calculated as ABTS radical scavenging activity:
where Abs control is the absorbance of ABTS radical in phosphate buffer saline PH 7.4; Abs sample is the absorbance of ABTS radical solution mixed with the serum sample.
Oxidative damage biomarkers MDA
Lipid peroxidation product MDA was measured using the modified procedure of Li and Chow (1994) . The reaction mixture was extracted with isobutanol and the fluorescence intensity was measured at 515 nm and emission at 550 nm using a spectrofluorometer. 1,1,3,3Tetramethoxypropane was used as a standard.
Protein-bound carbonyls
The extent of protein oxidation, was determined s p e c t r o p h o t o m e t r i c a l l y a t 5 3 0 n m b y t h e 2,4-dinitrophenylhydrazine method described by (Levine et al., 1990) . 
RESULTS
Growth of rats
The growth rate in the different groups is presented in Table 4 . The results showed that there was no significant weight change over the 13 weeks. The average body weight gain at the end of the feeding period was 307.8 ±19.57 g for the control group, 343.80 ± 14.99 g for DSP1 group, 354.25 ± 17.31 g for DSP2 group and 341.20 ± 10.83 g for DSP3 group.
Biochemical parameters
Biochemical parameters in the different groups are shown in Table 4 . Glucose, cholesterol, HDL-C, total serum protein, and albumin were not significantly different between groups. In contrast, CK, which is a biomarker of high levels of tissue damage, were higher in controls compared to the DSP groups. Urea and creatinine are indicators of kidney function. They were reduced with DSP compared to the control, but the results were not significant, except for urea, which was significantly lower in DSP3 compared to DSP1. Some differences were observed for liver enzymes. The consumption of DSP was associated with a significant decrease in the levels of both AST and GGT compared to the control group in a dose-dependent manner. A similar trend was observed for ALT, which was significant only in DSP1 and DSP3 compared to the control.
Antioxidant status biomarkers
The blood levels of different oxidative status biomarkers are presented in Table 5 . Vitamin C and vitamin E were both increased with DSP compared to the control, but it was not significant. ABTS was significantly reduced in DSP2 and DSP3 compared to the control. Table 6 shows the levels of different biomarkers of oxidative status in the liver, muscle, heart and brain. In the liver, both vitamin C and vitamin E were increased with DSP, but it was not significant. In contrast, GSH was significantly increased with DSP, especially in DSP3, compared to the control. In muscle, both vitamin C and vitamin E tended to increase compared to the control, but it was not significant. GSH increased with DSP and the increase was significantly different from the control with all three doses of DSP.
In the heart, a significant difference was only observed for GSH, which was higher with DSP. In the brain, all the biomarkers measured did not change with DSP.
Oxidative damage biomarkers
The level of protein-bound carbonyls and MDA, biomarkers of protein and lipid oxidative damage, respectively, are shown in (Fig. 1) . Protein-bound carbonyls were reduced only in muscle and significantly only in DSP1 compared with control. In serum and other organs, it tended to decrease with DSP without statistical significance. In contrast, MDA was significantly reduced in the liver, muscle and brain. In the liver, MDA was decreased with DSP1 and DSP3, while in the brain and muscle, the reduction was significant in all treated groups in a dosedependent manner compared to controls.
Histopathology
Liver, muscle, heart and brain samples of control rats and rats from DSP1, DSP2 and DSP3 all showed a normal appearance (Fig. 2) . No changes related to ischemia were detected. These observations confirm the absence of any changes related to the oral consumption of DSP by rats.
DISCUSSION
The main purpose of this work was to investigate the effect of DSP on the antioxidant status and oxidative damage in animals. It was highlighted that DSP was able to strengthen the defence of the antioxidant system and protect against oxidative damage. In addition, the results are in favour of a lack of toxicity associated to the consumption of DSP in rats. The main biochemical indicators were not altered by the consumption of DSP and the observation of tissues did not reveal any damage.
Interestingly, DSP was associated with the increased defence of the antioxidant system in the serum and organs, as shown by the reduction of ABTS in the serum and the increased GSH in the organs. The ABTS test is used to assess the natural compounds antioxidant activity in foods or biological systems. ABTS is generated from the reaction between potassium persulfate which is one of the oxidizing agent with the ABTS salt, producing a blue-green colour ABTS free radical. The ability of the natural compound to reduce the dark blue-green-coloured ABTS free radical to the colourless form provides evidence of the antioxidant's strength (Arnao et al., 2001 ).
Glutathione is a small tripeptide synthesized from amino acids in the liver. It is a vital intracellular and extracellular protective antioxidant involved in many cellular functions, such as control of the signalling process, and works as a co-factor for many detoxifying enzymes of oxidative stress and xenobiotics. Also it helps in the regeneration of some important antioxidant vitamins, including vitamin C and E. The depletion of GSH has been reported in the aging process and in many degenerative and apoptotic conditions. Consequently, the increase of GSH strengthens the antioxidant system by enhancing the protective effect against free radicals (Zitka et al., 2012) . Such an elevation was observed in our work with DSP in the liver, muscle and heart. The increase in GSH could be related to the high level of date seed polyphenols, which increase the expression of γ-glutamylcysteine synthetase, the rate limiting enzyme in the synthesis of GSH (Moskaug et al., 2005) . Also, this could be explained by the fact that date seed is rich with catechins which have been shown by several studies that can upregulate anti-oxidant enzymes including GSH. In addition, many animal studies have been shown that catechins can elevate the level of glutathione in the animal's plasma and tissue. (Velayutham, et al., 2008) .
Indeed, increased GSH could also be the feedback answer to an increased oxidative stress. If oxidative stress was enhanced, increased oxidative damages could also be expected. But this is not the case neither in the liver nor in muscle or heart. Protein-carbonyl bounds level remains similar to the level observed in the control groups whereas a reduction of the level of MDA is observed in these organs compared to the control group. Surprisingly, there were no increases of GSH in the brain, even though GSH is involved in many central nervous activities as a neuromodulator and neurotransmitter and is a major antioxidant in the brain. The production of free radicals is high in the brain due to its high oxygen utilization; however, the GSH level in the brain is rather low compared to other organs. This could be related to the toxicity of the substrates used to synthesize GSH on neurons (Ballatori et al., 2009 ).
Vitamin C (ascorbic acid) is a water-soluble molecule that reacts directly with free radicals. Additionally, it can regenerate the reduced antioxidant form of vitamin E. Vitamin E (tocopherol) is a lipid-soluble antioxidant found in all cell membranes. It protects the cells from attack by free radicals and prevents lipid peroxidation (Machlin and Bendich, 1987) . Although it was not significant, both vitamins tended to increase with DSP. A similar result for vitamin E was obtained by Habib and Ibrahim (Habib and Ibrahim, 2011a) .
Regarding Vitamin C, the lack of significance may be explained by the fact that rats, unlike humans, can synthesize ascorbic acid in their livers due to the presence of hepatic L-gulonolactone oxidase, which is expected to encourage rats to satisfy their daily requirement for this nutrient. Additionally, rats exhibit poor ascorbic acid absorption from the diet. This means that using ascorbic acid to maintain antioxidant function would be less essential compared to the other important functions of this nutrient (Michels and Frei, 2013) . Regarding vitamin E, the wide variability noted for this parameter and the sensitivity of the method cannot be ignored. Additionally, vitamin E can only be obtained from the diet. After ingestion, a rapid increase has been reported in the plasma and in the main storage organs, such as muscle, which indicates the direct regulation of the exchange between plasma and metabolically active organs. In addition, fast recycling mechanisms to maintain blood vitamin E in the reduced state exist (Traber and Packer and Fuchs, 1993) . Furthermore, the trend observed for vitamin E level could also be related to the greater level of GSH. Indeed, GSH is known to interact with Vitamin E to maintain it in its reduced form (Scholz et al., 1989) . This could be attributed to date seed catechins as previous studies showed that catechins can also contribute in the recycling process of vitamin E, and thus complement the functions of glutathione (Velayutham et al., 2008) .
Stevens
The DSP protective effect against lipid and protein oxidative damage was highlighted. The generation of ROS can cause damage to many molecules in the body, including proteins. One of the most generally used indicators for protein oxidation products is protein-bound carbonyl. It is generated from protein oxidation either through glutamyl side chain oxidation or the α-amidation pathway. A peptide with an N-terminal amino acid is generated from this oxidation process and it is blocked by α-ketoacyl derivatives. The accumulation of protein-bound carbonyls has been observed in many diseases, including diabetes, Alzheimer's disease and arthritis (Dalle-Donne et al., 2003) . In the present study, protein-bound carbonyls tended to decrease with DSP in all groups, supporting a protective effect of DSP against oxidative damage to proteins. Nonetheless, the reduction was significant only in muscle with DSP at a concentration of 2 g/kg. This could be explained by the fact that skeletal muscles represent approximately 40% of the mammalian body weight, and at least 25% of the protein turnover occurs in these tissues. In addition, skeletal muscles include many other proteins that are involved in performing muscle function and produce high levels of ROS due to their high rate of metabolic activity (Fedorova et al., 2009 ). Therefore, the protective effect of DSP against the oxidative damage of proteins would be more strongly expressed and more intense in muscles. Regarding the indicators of lipid peroxidation, MDA was used in this study, as it is one of the main aldehyde that results from the lipid peroxidation and has been studied intensely in many researches. MDA which is a product of lipid hydroperoxides break down is considered to be a good biomarker of the pathologic damage linked to oxidative stress (Del Rio et al 2005) . MDA was significantly reduced with all DSP concentrations in the liver, muscle and brain, while in the serum and heart, the reduction was not significant. Similar results were obtained by Habib and Ibrahim in the liver after only 30 days of consumption (Habib and Ibrahim, 2011a) . The serum and heart MDA levels could be affected by the blood sampling tube, the stability of the biomarker during different storage conditions, the sensitivity and reproducibility of the method and the steps of specimen preparation. In addition, the serum antioxidant level may be affected by different factors, including homeostatic regulation and the degree of absorption (Ho et al., 2013; Wu et al. 2004; Hagfors et al., 2003; Meagher and Fitz Gerald, 2000) .
Additionally, other studies were not able to illustrate the direct antioxidant effect of the biological application of polyphenols on cardiovascular health. Some foods rich in polyphenols exert beneficial effects on some biomarkers of cardiovascular health. However, there is no concrete evidence that the improvement in antioxidant biomarkers and markers of oxidative damage, such as MDA, represent a true benefit to health (Hollman et al., 2011) .
Finally, the absence of change in the main biochemical parameters after consumption of DSP is suggesting that consumption of DSP would be safe in rat. Urea and creatinine, which are both nitrogenous end-products of metabolism used in screening tests for renal function, did not significantly change with DSP. Because the elevation of urea and creatinine is an indicator of renal disease, this indicates that DSP does not interfere with renal function. Additionally, intracellular enzymes, including ALT, AST, ALP, GGT and LDH, which are indicators of tissue injury, especially the liver for ALT, AST and ALP, (Al-Rasheed et al., 2015; Drent et al., 1996) were considered. An increase of these parameters has been related to hepatic, pancreatic and skeletal muscle diseases (Gowda et al., 2009) . Their decrease with DSP indicates that DSP did not alter tissue functions and could improve their function through a protective effect on organs. A similar decrease was already observed in a previous study with DSP (Habib and Ibrahim, 2011a) .
This effect could be due to the polyphenol content of DSP, especially phenolic compounds. Indeed, they were found to reduce the leakage of liver enzymes into the blood by providing protection against free radicals that can cause tissue damage (Eid et al., 2015; Habib and Ibrahim, 2011a; Rahman, 2007) .
CONCLUSIONS
The results of this study clearly showed that DSP exerted a protective effect against oxidative stress in vivo mainly through its antioxidant potential and by strengthening the endogenous antioxidant system without altering any tissue function, as shown by analysis of the biochemical parameters and histopathology. Thus, DSP is a potential candidate to reduce the markers of oxidative damage, especially MDA, in organs. Therefore, considering the role of oxidative stress as a mechanism underlying chronic diseases, it can be concluded that DSP could contribute to prevent these diseases. Although polyphenols can be suspected to be at least in part responsible for these effects of DSP in vivo, the underlying mechanisms require further investigation.
